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Abstract

Context: There is little evidence on the comparison of dietary intake in female college volleyball
players before and during the Covid-19 pandemic. Because of the pressures athletes face to perform, it is
important to monitor how athletes respond to adversity. Diet is important to consider when analyzing the
overall health of athletes.
Objective: To investigate the effects of a global pandemic on kilocalorie intake and macronutrient
consumption in collegiate female volleyball players.
Design: Subjects were invited to provide two diet health questionnaires about dietary intake
before and during the pandemic. The questionnaires were the same.
Setting: An internet link to the survey with a username and password was sent via email in secure
OneDrive Shared File.
Participants: A total of 15 female collegiate volleyball participated in the study.
Main Outcome Measures: Survey questions addressed habitual dietary intake before and during
the pandemic. Total kilocalorie consumption and macronutrient consumption were analyzed and
compared.
Results: Players consumed 1539 kilocalories per day before the pandemic. During the pandemic
there was a kilocalorie intake of 1400 kilocalories per day (p= 0.33798; d=0.17). Players consumed 209
grams of carbohydrates (CHO) before the pandemic and 171 grams during the pandemic (p=0.01204;
d=0.36). Before the pandemic, the amount of CHO consumed was 3.12 g/kg. During the pandemic, this
intake decreased to 2.63 g/kg. Before the pandemic 116 grams of sugar were consumed each day; during
the pandemic only 77 grams of sugar were consumed (p=0.00010; d=0.60).
Conclusions: This study shows CHO consumption in college volleyball players during the
pandemic had a significant decrease compared to before the pandemic. Collegiate female athletes are still
struggling to meet adequate carbohydrate consumption needed for competition and training before and
during the pandemic. Reinforcing proper dietary habits may lead to better sport performance.
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Manuscript, Journal of Athletic Training
An important component in the success of athletes begins with adequate energy intake to support
caloric expenditure and contribute to maintenance and improvement in strength, endurance, muscle mass,
and health.1. Inadequate energy intake relative to energy expenditure can reduce athletic performance and
reverse the benefits associated with exercise.2–4 To enhance optimal performance and recovery from
exercise, recommendations have been given on amount and types of food for certain types of athletes.2
Energy intake of athletes involved in moderate levels of intense training, such as elite volleyball
players (i.e., 2-3 h/day. 5-6 times/week), has been recommended to be 50-80 kcal kg-1·day-1. Specific
macronutrient recommendations are 1.6-1.8 g kg-1 day-1 for protein, 5-8 g kg-1 day-1 for carbohydrates,
and fat intake comprising 20-35% of total kilocalories to meet the demands of performance.5 Volleyball is
a high-intensity, predominantly anaerobic sport based activity. Due to the long volleyball game duration,
the human body relies on CHO as its main energy source.6 Physical performance and the fatigue incurred
by athletes in anaerobic sports are partially dependent on carbohydrate (CHO) reserves accumulated in
the body and availability during physical loads.7,8 Volleyball is a high-intensity game requiring speed and
large muscle groups for jumping, spiking, blocking, and digging. These high-intensity actions can occur
in short bouts every 30 seconds of play over a total period of 30-180 minutes.10 Athletes who include high
repetitions with a moderate to high level of intensity will deplete greater concentrations of glycogen than
athletes performing lower intensity repetitions. 9
Even with nutritional recommendations, athletes still struggle with consuming adequate amounts
and types of energy. When assessing the diet quality of college athletes, females tend to have a better diet
quality than males.11,12 Specifically, in one study examining dietary habits in college athletes, participants
had diets that were high in solid fats, alcohol, and added sugar. Their diets were also high in sodium and
low in fiber and fruit.11 A number of barriers to healthy eating have been described by college athletes
such as lack of time for food preparation, inadequate cooking skills, financial limitations, and difficult
living arrangements.13,14 Several investigations have shown that female and male athletes have failed to

compensate for increased energy demands for training and competition.15–19 Most athletes,
particularly female, struggle with meeting adequate CHO recommendations, while increasing their fat
intake.5,6,20–22
Many factors can play a role in dietary habits associated with athletes including ability to
perform, demands of weight category related sports, and aesthetic of a particular body image. However,
some dietary habits acquired by athletes to achieve goals can have negative consequences. Eating
disorders are especially common in sports where weight has a significant effect on performance. In
endurance runners it is desirable to have a high lean body mass and low body fat mass to achieve a high
power to weight ratio. Sports that require horizontal or vertical movements, like running or gymnastics,
have considered excess fat mass on the body as a disadvantage that increases energy demands.23 Athletes
in weight category sports, like wresting and boxing, will not be able to compete if their weight is above
the limit in their category. In sports like diving and gymnastics, aesthetic quality is attached to a particular
body composition that is promoted and encouraged in competitors.23–25 Anorexia Nervosa and Bulimia
Nervosa are two common eating disorders that have been observed in athletes.24 The prevalence of eating
disorders is significantly higher in male and female elite athletes than non-athletic males and females.23
Females who suffer from eating disorders are at risk for the female athlete triad, which refers to the
interrelationship between energy availability, menstrual function, and bone mineral density. This triad
may have clinical manifestation that includes eating disorders, functional hypothalamic amenorrhea, and
osteoporosis.26. Athletes who are “at risk” for an eating disorder frequently report more menstrual
irregularity and sustained more bone injuries during their college career.27 Disordered eating and irregular
menses is commonly associated with increased risk of injury in young athletes.28–30 While female athletes
have a higher rate of disordered eating than male athletes,11 male athletes are not immune to disordered
eating that can potentially cause long term metabolic problems.31 The existence of all elements in the
female athlete triad is not essential due to high variability in incidence for each one, which can lead to
underdiagnoses.
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In 2014 relative energy deficiency in sport (RED-S) was introduced, meeting the need for a more
holistic approach.32 RED-S occurs when energy expenditure exceeds energy intake, creating an energy
deficiency. This can result in health issues such as; weight changes, amenorrhea or menstrual
irregularities, hypoglycemia, changes in eating behaviors, excessive exercising, and body image issues.33
Life alternating events that cause stress, anxiety, depression, and injury play a significant role in
the development of dietary habits. Recently a life alternating event of CoV-19/SARS-CoV-2 (COVID-19)
has struck globally and has changed many lives. COVID-19 is a highly pathogenic virus that is causing
infection and even death around the world. In the United States, restricted government rules and
quarantining protocols were put in place to try and contain the spread of the virus. Because of these
restrictions, athletics and sporting events were prohibited or extremely modified and regulated. Recent
studies have emerged analyzing the effect of COVID-19 on changes in diet and physical activity.37–42
With the dramatic impact this virus has had on athletics from adolescents to professional athletes, it is
worth analyzing the effects of COVID-19 on the nutritional health of athletes who lost seasons or training
periods due to the virus. Not eating enough kilocalories can seriously impact an athlete’s ability to train
effectively and has the potential to trigger an eating disorder. Fueling with CHO is important to increase
time to fatigue and prevent athletic injuries caused by fatigue.
Studies that investigate the effect of nutrition and diet on health in populations need accurate
methods to assess. Self-administered food frequency questionnaires (FFQ) ask respondents about the
frequency and portion size of typically consumed foods.43 Diet History Questionnaire (DHQIII) is used
by researchers, clinicians, and educators to assess food and dietary intakes. The nutrient and food group
database is based on compilation of a 24-hour dietary recall data from the National Health and Nutrition
Examination Surveys (NHANES).
Not much is known on how COVID-19 has altered dietary eating patterns in Americans, let alone
college athletes. Because of the pressures athletes face to perform it is important to understand how they
respond to adversity, which can include changes in dietary patterns. Monitoring changes in dietary
3

patterns is useful in injury and eating disorder prevention, as well as sport performance. The purpose of
this study is to investigate the effects of a global pandemic on kilocalorie intake and macronutrient
consumption in collegiate female volleyball players’.

METHODS
Participants
Data were obtained from collegiate volleyball players competing at a Division II level at Western
Washington University and junior college level at Whatcom Community College. The Western
Washington University volleyball team was ranked third nationally heading into the 2019 fall season.
Whatcom Community College volleyball was ranked first in the north region standings heading into the
2019 fall season. Permission was requested from all head coaches from the teams involved in the study
for athlete participation. A total of 32 volleyball players were eligible for participation;15 agreed to
participate. Ages of subjects ranged from 18-22 years old. Prior to the study, all participants signed a
consent form in accordance and approved by the local Institutional Review Board for the protection of
Human Participants. Age, height, and weight was voluntarily given by participants through the
questionnaire (Table 1). Data were collected from the athletes’ current mid-pandemic season, and
compared to the previous season, pre-pandemic (Table 2).

4

Participants

N=15

Sex

Female

Mean ± SD
Age (years)

19.5 ± 1.2

Height (cm)

170.7 ± 7.3

Weight (kg)

67.4 ± 7.7

Table 1. Participant demographics.

Games Played
Pre-Pandemic

Mid-Pandemic

30

11

Season Length (months)
3.5

1

Table 2. Number of games played and season length.

Instrumentation
Participants completed two food frequency questionnaires. All surveys were administered
through email to adhere with COVID-19 guidelines and safety protocols. The Diet History Questionnaire
(DHQIII) that was administered is used by researchers, clinicians, and educators to assess food and
dietary intakes. The nutrient and food group database is based on compilation of national 24-hour dietary
5

recall data from the National Health and Nutrition Examination Surveys (NHANES) conducted from
2007-14. Findings from DHQ evaluation studies show that this tool provides nutrient estimates similar to
most comprehensive FFQs (Subar, 2003; Thompson, 2002; Subar, 2001). Pictures of portion sizes were
provided to enhance the accuracy of quantity. DHQ III consists of 135 food and beverage line items and
26 dietary supplement questions. Some line items for foods and beverages have additional questions that
allow for final assignment to items in the nutrient and food group database leading to 263 foods and
beverages listed in the database.

Procedure
Two food frequency questionnaires were sent via email to participants. The questionnaire had
athletes estimate their usual intake of many nutrients and food groups. There were clear instructions
attached to the questionnaire to ensure it was filled out as accurately and thoughtfully as possible. Pictures
and portion sizes were provided to ensure accuracy of quantity sizes. Athletes were instructed to fill out
one food frequency questionnaire regarding their overall diet from last season, pre-pandemic. The second
food frequency questionnaire included their diet from the current season, mid-pandemic. The two food
frequency questionnaires, pre-pandemic and mid-pandemic, were compared to analyze any changes in
dietary habits.

Statistical Analysis
The DHQ III was used to perform the primary analysis of comparing habitual food intake prepandemic and mid-pandemic in female collegiate volleyball players. Paired t-tests were conducted
through Microsoft Excel (2018) to compare macronutrient and kilocalorie consumptions before the
pandemic and mid pandemic. Significance was established at a p-value <0.05. The effect size was
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calculated by finding the mean difference between the groups and dividing by the pooled standard
deviation. Following Cohen d’s guidelines effect size was defined as 0.2 as small, 0.5 as medium, and 0.8
as large (Cohen, 1992).

Results
All participants in the study were female collegiate volleyball players at a Division II university
or community college. The number of games played before the COVID-19 pandemic was 30 games over
a three-and-a-half-month span. During the pandemic, athletes played a condensed season of 11 games
over a one-month span. Players consumed 1539 kilocalories per day before the pandemic, with 56% of
those calories from CHO, 32% from fats, and 13% from protein (Table 3). During the pandemic there was
not a significant decrease in kilocalorie intake, players consumed 1400 kilocalories per day (p=0.33798;
d=0.17). Results showed 49% of total kilocalorie intake from CHO, 36% from fats, and 15% from protein
(Table 3). Players consumed 49 grams of protein before the pandemic and 51 grams of protein during the
pandemic (p= 0.86724; d=0.03). The amount of fat consumed pre-pandemic was 56 grams compared to
57 grams during the pandemic (p= 0.87681; d=0.03). The significant change in macronutrient
consumption was in CHO. Players consumed 209 grams of CHO before the pandemic and 171 grams
during the pandemic (p= 0.01204; d=0.36). Total daily sugar intake also decreased significantly during
the pandemic compared to before Covid-19. Before the pandemic 116 grams of sugar were consumed
each day; during the pandemic only 77 grams of sugar were consumed (p = 0.00010; d=0.60). Before the
pandemic 67% of total sugars were added sugars and 61% during the pandemic (p=0.00016; d=0.66).

7

Before Pandemic

Mid-Pandemic

Total Daily Energy (kcals)

1539.3 ± 781.8

1400.6 ± 892.5

Total Daily Protein (g)

49.4 ± 35.3

50.6 ± 39.2

% Kcals from Protein

12.72%

14.82%

Total Daily Fat (g)

55.8 ± 33.9

57.1 ± 44.5

% Kcals from Fat

31.64%

36.63%

Total Daily CHO (g)*

209.4 ± 105.1

171.3 ± 108.4

Kcals from CHO*

55.85%

49.01%

Total Daily Sugar (g)*

116.5 ± 65.7

76.9 ± 65.4

78.3 ± 45.6

46.9 ± 49

Added Sugars by Total* Sugars
(g)
Table 3. Total daily kilocalorie and macronutrient consumptions before and during the pandemic
Mean ± SD (* indicates significant).

Discussion
The main purpose of this study was to compare the dietary intake of female collegiate
volleyball players before the COVID-19 pandemic to their eating patterns that were developed during the
middle of the pandemic. CHO consumption had a significant decrease during the pandemic. Literature has
shown that most athletes, particularly female, struggle with eating adequate CHO recommendations.5,6,20–
22

Current research explains that 50-60% of energy substrate utilization during 1-4 hours of continuous

exercise at 70% of VO2Max is derived from CHO.9 During the pandemic, calories from CHO dropped
about 7% compared to before the pandemic. The percentage decrease may not seem drastic, but with
female athletes already struggling to maintain adequate CHO intake it can be damaging to sport
performance. In a study assessing dietary intakes and eating habits of female college athletes, results
showed that energy and CHO intakes were below the recommended amount, with only 9% of participants
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meeting their energy and CHO needs, and 75% failing to consume the minimum amount of CHO required
to support training.15 In the current study, only 47% of participants met the minimum recommendations
of CHO intake needed for training.
Volleyball players perform an intense intermittent activities that recruits large masses of muscle.
When combined with short rest periods, these types of activities can decrease glycogen stores by 24-40%.
It is recommended that an intake of 5-10 g kg-1 day-1 is needed to maintain glycogen stores for these types
of athletes.1 In this study, before the pandemic, the amount of CHO consumed by female volleyball
players was 3.12 g/kg. During the pandemic, this number decreased to 2.63 g/kg. Female college
volleyball players were failing to meet the necessary CHO intake for training and competition before the
pandemic began, and deficiency was exacerbated during the pandemic. When power athletes are below
the recommended CHO value needed for training and competing, it decreases the reserves available to
utilize during play and decreases the time to fatigue. This decrease in reserves may seriously impact
players’ performance or put them at risk for injury.4
Total daily sugar intake also decreased during the pandemic. Before the pandemic 116 grams of
sugar were consumed each day; during the pandemic, only 77 grams of sugar were consumed. This
finding is consistent with a study conducted in Spain for the general population. Research indicated that
during the pandemic the studied population adopted healthier dietary habits by decreasing the intake of
fried foods, snacks, fast foods, red meat, pastries, or sweet beverages and increasing Mediterranean diet
foods like olive oil, vegetables, fruits, and legumes.40,41 The consumption of sweet snacks also decreased
compared to the production of homemade desserts. 42 In this study, the decrease in daily sugar intake
could also contribute to the decline in CHO consumption. A study analyzing the effects of COVID-19 on
collegiate student athletes’ health found that the average number of meals consumed each day stayed the
same, but females reported consuming less food and perceived increased healthfulness in their diets.48
Excessive sugar consumption has also been shown to reduce the hypothalamic-pituitary adrenal (HPA)
axis. The HPA plays a role in regulating stress. Following consumption, hormones are released to reduce
9

the feelings of stress, which also increase the desire for comfort foods.49 Stressors of college athletes can
come in many forms such as playing time, injuries, discontentment with coaching style, poor academic
performance, relationships with teammates, and their win and loss record.50 One study conducted on
college athletes measured stress, anxiety, and depression during the Covid-19 pandemic. The results
showed symptoms of anxiety, depression, and stress were not elevated among most college athletes.51 It is
possible that with having altered volleyball seasons that did not result in regular season standings, there
was no increase in stressors. This lack of stressors could explain the decrease in sugar consumption.
Dietary fat intake did not change significantly pre-pandemic at 32% to 36% during the pandemic.
The amount of fats consumed pre-pandemic was 56 grams compared to 57 grams during the pandemic. It
is possible that the slightly higher dietary fat intake compromised the amount of CHO and sugar
consumed by athletes.
Although there was not a significant change in kilocalorie consumption before the pandemic to
mid-pandemic, the kilocalorie intake was still below the recommended amount for volleyball players in
each time period. Elite volleyball players can expend 600-1200 kilocalories or more per hour of
exercise.1,2 Data from this study shows that before the pandemic, athletes were only consuming 1550
calories a day. During the pandemic, kilocalorie intake decreased. The current recommendations for
energy intake range from 44 to 50 kcal kg-1 day-1.1,2 In the current study, 22.8 kcal kg-1 day-1 were
consumed before the pandemic. During the pandemic, consumption decreased to 20.8 kcal kg-1 Energy
consumption of fewer than 2,000 kilocalories per day has been identified as “low energy intake,” and
cannot support the high physical and nutritional demands of female athletes.15 According to this
definition, 73% of the athletes consumed less than 2,000 kcal-1 day-1 before the pandemic and would be
considered “low energy intake”. During the pandemic, 87% of the athletes consumed less than 2,000 kca-1
day-1. Female athletes typically consume less than 2000 kcal·day-1 during training and competition, not
enough to support recommendations to maintain optimal muscle glycogen stores.26,35 Decreased amount
of kilocalories over time could significantly reduce strength and endurance performance, and compromise
10

the immune, endocrine, and/or musculoskeletal systems.3,4,7 Reduced energy availability should be
further investigated, especially as athletes start to return to a more normal training regime and
competitions.
Dietary intake could have changed for numerous reasons: limited access to certain foods or
restaurants, limited travel for competition, more free time to cook meals at home, trying new diets. This
information is important in considering how athletes are fueling their bodies while training and
competing. Adequate kilocalories and CHO consumption are important for athletes’ performance. Sports
physicians, nutritionists, and athletic trainers should be aware of these changes and how they can
potentially impact an athlete’s overall health, training, and recovery.

Limitations
There are several limitations in the study conducted. The study is limited by the utilization of a
relatively small sample of athletes. The study is very specific to female collegiate volleyball players and
did not include males or athletes from different sports. Of the 31 female college volleyball players at
Whatcom Community College and Western Washington University, 15 chose to participate. Participation
in the study could have also been limited by survey access. Email was not considered secure enough to
distribute surveys. In order to secure the identities of these athletes secure OneDrive folders were shared
with participants to access the survey. This included extra steps that may have deterred athletes away
from participating in the study. The length of the survey could have also decreased participation,
completing both surveys took about 90 minutes. Nine athletes also chose to opt-out of the study to protect
their physical and mental health due to prior eating disorders or discomfort with sharing personal dietary
information.
Anthropometric data for each athlete before the pandemic and during the pandemic was not
collected. Due to COVID-19 restrictions, this study had to be conducted online to ensure the safety of the
11

athlete’s health and protect them from potential exposures. Therefore, height and weight measurements
were provided by participants and not physically measured. Measuring anthropometric data from before
the pandemic and mid pandemic could have been insightful in determining the effects of dietary changes
that occurred during the pandemic.
The DHQ III was the only tool implemented for collecting habitual dietary intake before and
during the pandemic. Implementing a 3-day food record was attempted, but participation was lacking and
was ultimately discarded after very few records were returned. Having 3-day food records would have
been useful for the assessment of macronutrient and kilocalories consumption. Another limitation with
using the DHQ III as the only tool is that athletes to had rely on memory to remember what their eating
habits consisted of before the pandemic.

Conclusions
The results of the study show the importance of evaluating dietary intakes and eating habits of
female college athletes during life-altering events. The female volleyball players who participated showed
a significant decrease in CHO intake during the COVID-19 pandemic compared to their usual habitual
intake before the pandemic. Sugar consumption also significantly decreased during the pandemic than
before. Altered seasons due to the pandemic caused a shorter season length decreasing the total amount of
games played compared to a regular season. During a regular reason 30 games were played over a course
of 3.5 months. With a condensed season, 11 games were played in one month. Even though their total
amount of games decreased, they had fewer breaks between games and the level of competition stayed the
same. Female collegiate volleyball players still did not meet CHO recommendations. Adequate CHO
consumption is essential for energy reserves during practice or competition to prevent a decrease in time
to fatigue. CHO is a volleyball players main source of energy. With the study showing a decrease in CHO
consumption during the pandemic, it is important that players start increasing CHO in their diet for
12

practice and competition as seasons start to resume normally. Although the kilocalorie decrease in
athletes was not statistically significant, as players resume normal training regimes, athletes must increase
kilocalorie intake, so it does not affect their energy level, performance, and time to fatigue.
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Literature Review
Introduction
An important component in the success of athletes begins with adequate energy intake to support
caloric expenditure and contribute to maintenance and improvement in strength, endurance, muscle mass,
and health. 2,7 A well-designed diet that has an adequate amount and proportions of macronutrients will
help promote peak performance. Inadequate energy intake relative to energy expenditure can reduce
athletic performance and reverse the benefits associated with exercise.2–4 When there is a limited amount
of energy, it can cause the body to break down fat and lean tissue to be used as fuel for the body. If there
is inadequate blood glucose levels, fatigue and perception of exertion will increase and reduce
performance.2,7 Eventually, this could significantly reduce strength and endurance performance and
compromise the immune, endocrine, and musculoskeletal systems. 3,4,52
Nutritional Recommendations for Endurance Athletes
Endurance athletes raise their aerobic capacity to overcome intensive and long-lasting physical
loads. Depending on training schedule and the exercise intensity of an endurance athlete, research shows
hourly caloric expenditure in the range of 600-1200 kcal·hour-1. Estimated energy needs of these athletes
are in the range of 50-80 kcal kg-1·day-1. 7,53 For female endurance athletes, the minimal energy
requirement has been set to 45 kcal· kg-1 fat free mass per day plus the amount needed for physical
activity. An athlete of 50 kg having a fat percentage of 15% and a fat free mass of 42.5 kg, the energy
available should be above 1900 kcal·day-1. Energy expenditure of 500-600 kcal during their sport would
increase the daily total energy intake to 2400-2500 kcal.54 To delay onset of fatigue in endurance activity,
repletion of kilocalories may be necessary during training sessions that last longer than 60 to 90 minutes.7
Physical performance and the fatigue incurred by athletes in aerobic training are partially
dependent on carbohydrate reserves accumulated in the body and availability during physical loads.7,8
Currently, the recommended carbohydrate (CHO) intake for athletes is 6-10 g kg-1 day-1.2,9 As exercise
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intensity increases, so does the reliance on carbohydrates for energy. Current research has shown that 5060% of energy substrate utilization during 1-4 hours of continuous exercise at 70% of VO2max is derived
from carbohydrates (CHO). As endurance training continues the energy expenditure does not change, but
the reliance on CHO decreases and switches to lipids.9 Increased lipid oxidation results from the depletion
of glycogen storages when exercise exceeds one hour or when an exercise has been performed at high
intensity.55 Adequate CHO intake is necessary for adequate glycogen concentration. Increasing glycogen
stores within the muscle will help CHO availability during exercise, and therefore performance.1,9
Optimal performance is also reliant upon the balance of proteins found within skeletal muscles;
studies indicate that absolute requirements exist for essential amino acids to maximize muscle protein
synthesis.7 Because protein is also oxidized as an energy source at ~4.4% or 10% of total exerciseinduced energy expenditure, they have to be replaced by dietary protein intake.56 Branch chain amino
acids (BCAAs) have diverse physiological and metabolic roles. Supplementation of BCAAs promotes
protein synthesis and reduces break down.57 In muscle, BCCAs provide a carbon source of oxidation for
production of energy and as a precursor for muscle protein synthesis. Oxidations of BCAAs increases
under different physiological conditions to meet energy demand, including starvation.58 Research has
shown that BCAAs supplementation increases lipid oxidation during exercise and helps overcome
fatigue.59 The protein needs of endurance training athletes depends on training intensity, duration,
distance, frequency, sex, energy and CHO intake, and current fitness level of the athlete. Protein
requirements for men tend to be greater than those for women due to increased protein oxidation. Females
oxidize more lipid and less CHO compared to men during exercise.60 Elite athletes with a high fitness
status who perform high volumes of training have increased protein requirements to about 1.6 g kg-1 day1 2,7,9

.

Increasing dietary fat is a strategy used by athletes with the rationale to enhance intramuscular

triglycerides to improve prolonged exercise performance in endurance athletes.61 However, recommended
requirements are 20-30% of total energy intake.2,7
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Nutritional Recommendations for Power Athletes
Energy intake and requirements for power athletes differ greatly than those for endurance
athletes. Caloric expenditure is more difficult to determine for strength and power athletes because of the
variability in high-intensity bursts and power, varying lengths of recovery periods from training and
competition, and a greater contribution of eccentric muscle action. 7,62 Caloric recommendations should
be determined based on individual needs and goals as well as age, height, and weight.63 High-intensity
activity requires a high level of energy production, followed by periods of rest intervals. This creates
periods of high caloric expenditure to periods of recovery. The ability of an athlete to recover between
supra-maximal bouts can influence performance during training or competition. The variability in training
volume, duration, and recovery periods add complexity for energy needs and recommendations of energy
requirements for this type of athletic population. Elite strength and power athletes can expend 600-1200
kilocalories or more per hour of exercise. There is variability with body size, sex, age, amount of muscle
mass activated, number of sets and repetitions completed, rest periods, and time the contraction is held.
The current recommendations for energy intake range from 44 to 50 kcal kg-1 day-1. It must also be
considered that some of these athletes hope to induce muscle hypertrophy, requiring more energy. 1,2
Strength and power athletes participating in high repetition exercise at a moderate to high levels of
intensity to maximize performance adaptations as well as muscle hypertrophy will deplete glycogen
storages faster. Therefore increasing energy intake is advised.7
Consuming adequate CHO for strength and power athletes is important for optimal power output
and performance.1 Intense intermittent muscle contractions that last 1-5 minutes, recruit large masses of
muscle, combined with short rest periods can decrease glycogen stores by 24-40%.1 Strength and power
athletes who include high repetitions with a moderate to high level of intensity will deplete greater
concentrations of glycogen. 9 An intake of 5-10 g kg-1 day-1 is sufficient to maintain glycogen stores for
these types of athletes. 1
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Exercise increases rate of muscle protein synthesis and breakdown. Ingestion of protein alone or
in combination with CHO is required to have a net positive protein balance.64 Regular resistance training
invokes additional stress and trauma to the body that require greater protein availability to repair any
damage. Increasing protein intake of 1.2-2.0 g kg-1 day-1 should fulfill the needs of strength and power
athletes. 2,7,9,62, Modifying intake of fat has been considered little for strength and power athletes to help
improve performance. Weight class athletes use weight-making strategies to compete in specific weight
categories with an optimum power-to-weight ratio. Studies have shown weight loss without energy
restriction using diets that reduce CHO intake and increase fat intake.65–67 There is also evidence that
weight loss arises from reductions in fat mass accompanied with reservation of lean mass.65 However, the
majority of studies have indicated that increasing fat intake will favorably impact substrate utilization, but
negatively affect performance.7,61,68 Requirements for fat intake are 20-30% of total energy intake. Diets
with less than 20% of total calories from fat do not benefit performance since fat is a source of energy and
necessary for the production of fat-soluble vitamins and essential fatty acids.2,7
Dietary Habits in College Athletes
When assessing the diet quality of college athletes, females tend to have a better diet quality than
males.11,12 Specifically, in one study examining dietary habits in college athletes, participants had diets
that were high in solid fats, alcohol, and added sugar. Their diets were also high in sodium and low in
fiber and fruit.11 Data from a study examining sex differences in diet had 143 male and 240 female
student athletes from 10 different collegiate sports participate in a survey consisting of questions on
dietary habits. Results showed that 13.69% of athletes consumed fast foods prior to practice or
competition, and that consumption was more frequent in men (61.97%) than women (53.33%). They also
found that 50.93% reported experiencing hunger during training, practice, or competition, suggesting that
there is low energy availability and poor pre-exercise fueling.12 A number of barriers to healthy eating
have been described by college athletes such as lack of time for food preparation, inadequate cooking
skills, financial limitations, and difficult living arrangements.13,14
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Several investigations have shown that female and male athletes have failed to compensate for
increased energy demands for training and competition.15–19 Most athletes, particularly female, struggle
with eating adequate CHO recommendations, while increasing their fat intake.5,6,20–22 In a study assessing
dietary intakes and eating habits of female college athletes, results showed that energy and CHO intakes
were below the recommended amount, with only 9% of participants meeting their energy needs, and 75%
failed to consume minimum amount of CHO that is required to support training. A majority of the
participants reported no regular breakfast and 36% consumed less than five meals a day. 15 Female
athletes typically consume less than 2000 kcal·day-1 during training and competition, not enough to
support recommendations to maintain optimal muscle glycogen stores. 5,16 Nepocatych et al21 performed a
study on female college basketball and softball players to assess their food intake and body composition
over their competitive season. Mean energy intake was significantly lower at the beginning of the season
versus the end of it. Macronutrient consumption did not change, but CHO and protein intakes were still
below the recommended levels. There was also low intake of fibers and high intake of sodium observed in
diets. This trend has been observed in multiple investigations with both male and female athletes.12,15,69
In a study analyzing the dietary habits of endurance runners using a 24-hour dietary survey
method, 80.8% of endurance athletes had lower than recommended amounts of CHO in their diet,
especially females. More than 70% of athletes used higher than recommended levels of fat.70 This is a
common trend found in most endurance athletes. Drenowatz et al71 reported that male endurance athletes
did not change their caloric intake between high volume and low volume training periods despite changes
in energy expenditure. He also observed that CHO and fiber were below recommended intakes, while fat
intake was above recommendations.
Eating Disorders
Eating disorders are especially common in sports where weight has a significant effect on
performance. In endurance runners, leanness is related to performance for physiological reasons.24 It is
desirable to have a high lean body mass and low body fat mass to achieve a high power to weight ratio.
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Sports that require horizontal or vertical movements, like running or gymnastics, have considered excess
fat mass on the body as a disadvantage. Excess fat increases energy demands and can negatively affect
performance.72 Weight category sports like wresting and boxing will not be able to compete if their
weight is above the limit in their category. In sports like diving and gymnastics, aesthetic is attached to a
particular body composition that is promoted and encouraged in competitors.23–25
Anorexia Nervosa and Bulimia Nervosa are two common eating disorders that have been
observed in athletes.24 Anorexia Nervosa is defined as the refusal to maintain body weight at or above
minimally normal level for age and height. Bulimia is more common and consists of recurrent episodes of
binge eating with recurrent compensatory behavior. “Binge eating” refers to eating an unusually large
amount of food in a short period of time while also experiencing a loss of control.73 Sundgot and
Torstveit72 showed that the prevalence of eating disorders is significantly higher in male and female elite
athletes than non-athletic males and females.
The female athlete triad refers to the interrelationship between energy availability, menstrual
function, and bone mineral density. This triad may have clinical manifestation that includes eating
disorders, functional hypothalamic amenorrhea, and osteoporosis.26 Beals et al.27 conducted a study on
prevalence and relationship between the disorders of the triad in college athletes that participate in
aesthetic, endurance, or team/anaerobic sports. Out of 425 female athletes from different universities, 23% reported a clinical diagnosis of AN or BN, about 15% indicated an “at risk” behavior for disordered
eating, while 31% reported menstrual irregularity. Athletes who were “at risk” for an eating disorder
frequently reported more menstrual irregularity and sustained more bone injuries during their college
career.27 Disordered eating and irregular menses is commonly associated with increased risk of injury in
young athletes.28–30 Studies on collegiate female volleyball players collected data on body composition,
nutritional habits, eating disorder risk, and menstrual health.29,35,51-52 Half of the participants were
considered “At-Risk” for an eating disorder, all participants consumed an inadequate amount of calories
needed for predicted energy expenditure, and below the recommended CHO and protein intake
values.16,5,74 Another study assessed the risk of disordered eating between female athletes in lean and non26

lean sports. The results indicated that lean sports (sports that emphasize body composition; swimming,
cross country, volleyball, cheerleading) exhibit a higher risk for disordered eating compared to those in
non-lean sports (softball, basketball, soccer, golf).75
While female athletes have a higher rate of disordered eating than male athletes,11 male athletes
are not immune to disordered eating that can potentially cause long term metabolic problems.31 In a
survey of college male athletes, the most common form of weight control was dieting. Males who
participated in weight-controlled sports had the highest rate of dieting.31 While dieting is helpful for
weight loss, it is important that athletes consume all the required nutrients to prevent long term health
effects.31,76
Injuries and Diet
Injuries are common in athletes and psychological response to injury can include normal or
problematic responses, such as depression, anxiety, or stress. Athletes differ in their response to injury.
Some of those responses can include sadness, isolation, irritation, lack of motivation, anger, changes in
appetite, sleep disturbance, and disengagement. The response to injury extends from immediately after the
injury through post injury, rehabilitation, and return to activity.35,77
After injury, some athletes restrict their caloric intake because they feel since they are injured,
they ‘don’t deserve’ to eat and can elicit disordered eating.35 However, an adequate, balanced diet is very
important in injury recovery and rehabilitation for athletes.78 In a study on emotional responses of athletes
to injury in college or elite athletes, common responses were disbelief, fear, rage, depression, tension,
fatigue, upset stomach, insomnia, and loss of appetite.79 In a study examining stimulus factors in the
development of eating disorders in elite female athletes, reported that eating disorders occurred at the time
of injury or illness when they were unable to train at high levels.36 Disordered eating was higher among
injured female athletes than non-injured female athletes that participated in an eating disorder
questionnaire.29 This is in agreement with multiple studies of injured college athletes. 27,80
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Pandemic Related Dietary Changes in General Population
CoV-19/SARS-CoV-2 (COVID-19) is a highly pathogenic virus that is causing a global
pandemic with high numbers of deaths and infected people. To contain the infection of the virus, the
government has enforced restrictions on outdoor activities and even a collective quarantine on the
population. Recent studies have emerged analyzing the effect of COVID-19 on changes in diet and
physical activity.37–42 Quarantine has been associated with stress and depression leading to an unhealthy
diet and reduced physical activity. A diet poor in fruit and vegetables is frequent during isolation.37,81
A survey among Polish adults on dietary and lifestyle changes during the lockdowns found that
34% of respondents increased food consumption with 33% in confectionary and 18% in alcohol intake.
Conversely, 24% increased water intake, 37% showed decrease in fast food intake, and 48% increased
consumption of homemade meals.38,39 A similar study conducted in Spain found that during the pandemic
the studied population adopted healthier dietary habits by decreasing the intake of fried foods, snacks, fast
foods, red meat, pastries, or sweet beverages and increasing Mediterranean diet foods like olive oil,
vegetables, fruits, and legumes.40,41
In Italy, an analysis of food consumption during quarantine based on data from information
resources in consumer goods and retail plus shopper market data was performed. There was an increase in
consumption of canned food products, pasta, flour, eggs, milk, and frozen foods. There was also a strong
reduction in sales of fresh fruit and vegetables. The sales of sweet snacks also decreased compared to the
production of homemade desserts. The products used for home preparation of pizza, bread, and cake had
a significant increase.42
Diet Analysis
Many studies investigate the effect of nutrition and diet on health in many populations, so
accurate methods to assess are needed. Self-administered food frequency questionnaires (FFQ) ask
respondents about the frequency and portion size of typically consumed foods.43 FFQs measure usual
28

intake over a middle or long-term period, which is relevant for the survey to objectively monitor usual
eating behavior. In comparison to other assessment methods, FFQs are relatively inexpensive, easy, and
quick to administrate.82 Since 1982, Block Questionnaires have been developed using a data-base
approach to questionnaire design. They use large representative national dietary surveys, such as the
Nation Health and Nutrition Examination Survey (NHANES), to inform the selection of foods or physical
activities that are required, as well as applying appropriate portion sizes and nutrient composition to
apply. The 2005 Block FFQ is a full-length questionnaire designed to estimate usual and customary
intake of a wide array of nutrients and food groups. It takes about 30-40 minutes to complete and is
intended for either self or interviewer administration. The food list was developed from NHANES 19992002 dietary recall data; the nutrient database was developed from the USDA Food and Nutrient Database
for Dietary Studies, version 1.0. A series of “adjustment” questions provide greater accuracy in assessing
fat and carbohydrate intake. Individual portion size is asked for each food and pictures are provided to
enhance the accuracy of quantification.46 Multiple studies are used as standard references related to the
development of Block FFQ to validate this method of data collection and used to determine which foods
to include in the FFQ.83,84
Dietary records or food diaries is another tool that is used among dietary assessment methods for
an individual’s current diet for their interest and validity. It is a prospective, open-ended survey method to
collect data about the foods and beverages consumed over a specified time frame. These records can be
used to estimate current diet of individuals and population groups, as well as identifying groups that are at
risk of inadequacy.47 The main advantage of diet records is the potential it has to collect accurate
quantitative information of food consumed by an individual. Because of the quality of the dietary data,
diet records are considered to the gold standard of dietary methods and is often used as a reference in
calibration or validation studies using other less involved and less expensive methods.47 Reporting errors
are likely for food intake data, however, 3-day food records are still used to assess diet and produce
estimates of nutrient inadequacy.85 The 3-day food records require participants to record all foods and
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beverages consumed over the three days, which includes one weekend day to account for variability. It is
important to instruct participants on how to correctly complete a food record, using food models, pictures,
sample records, and example portion sizes. To reduce error and maximize accuracy and completeness, it
is helpful to review food records with participants following data collection. The interviewer can check
for completeness, clarify items and serving sizes, and remind the participant of any foods or beverages
that may have been forgotten.86
Mobile technologies are a valid tool for dietary self-monitoring. There are several basic web
journaling and mobile applications that allow users to set weight loss goals, collect daily calorie target
chart data to reflect trends over time, and record food consumption and exercise levels.44 Some of those
apps include MyFitnessPal© (2009-2020 MyFitnessPal, Inc, San Francisco, CA, USA), InsideTracker©
(2009-2020 Segterra, Inc, Cambridge, MA, USA), and Cronometer© (2011-2020, Cronometer.com,
Revelstoke, BC, Canada). Cronometer is a web-based nutrition and biometric tracking application that
features data on over 60 nutrients and contains more than 7,500 foods in its databases.87 Cronometer is a
useful tool for nutrient analysis because of its large food database including the U.S. Department of
Agriculture (U.S. DA) National Nutrient Database for Standard Reference.45
Summary
Adequate energy intake and macronutrient consumption is an important component in the health
and success of athletes. Without proper diets, athletes put themselves at risk for health issues, eating
disorders, and injury. Changes in dietary habits can be caused by numerous things such as performance
reasons, body image, injury, and life-changing events. Little is known on how COVID-19 has changed
dietary habits in Americans, let alone college athletes. With government restrictions in place, athletes are
unable to participate in training or competition for an extended period. Because of the pressures athletes
face to perform it is important to understand how they respond to this kind of adversity. Monitoring
changes in dietary patterns is useful in injury and eating disorder prevention, as well as sport
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performance. The purpose of this study is to investigate the effects of a global pandemic on kilocalorie
intake and macronutrient consumption in endurance and power athletes at the collegiate level.
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